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INTRODUCTION

The popularity, acceptability and efficacy of cardiac rehabilitation has increased
tremendously since Heller tein and Ford first presented their "Orderly Plan for Rehabilitation of the Patient with Heart Disease." The components of the rehabilitative approach to the
care of patients with myocardial infarction include: 1

1) efforts to limit the adverse

consequences of the acute illness, both physiologic and emotional; 2) the identification of
patients at increased risk of proximate coronary events, i.e., risk stratification, so that
appropriate therapy may be selected; 3) the institution of therapies, both medical and surgical,
de igned to decrease symptoms and improve function; 4) efforts to limit the progression and
potentially to induce regression of the underlying atherosclerotic disease; and 5) the
maintenance and enhancement of residual function, physiological, psychosocial, and vocational.
Exerci se-based cardiac rehabilitation programs have benefited patients with uncomplicated myocardial infarctions or stable angina. 2- 19 ( Parameters of improvement include
increa ed maximal oxygen consumption, decreased resting heart rate, increases in functional
capacity and even improvement in left ventricular function. While most efforts have been
spent studying individuals recovering from an uncomplicated myocardial infarction, very
little is known about patients with extensive myocardial damage and severe left ventricular
dysfunction. Although expe1ience in this area is slight, existing studies vary in the assessment
of chronic exercise on patients with severe left ventricular dysfunction. Near normal exercise
capacities in these individuals have been cited, 20-23 and the following compensatory mechanisms have been suggested: tolerance of high pulmonary wedge pressure, ventricular
enlargement or dilatation, decreases in peripheral vascular resistance, increases in plasma
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norepinephrine levels, preservation of stroke volume and increases in oxygen extraction.
The genesis of coronary atherosclerosis is complex and controversial. The process is
initiated by a deposition of cholesterol-containing plaques in the arterial walls which later
may become hardened with calcium. As atherosclerosis progresses, various degrees of
stenosis occur, creating an impediment to adequate blood flow. The decrease in blood supply
is called " ischemia." Segmental areas of the myocardium may suffer from this ischemia
depending upon the feeding arterial branch to that segment. The ischemia may be present
with minimal or with varying degrees of physical activity depending, of course, on the
disparity that is created between blood supply and blood demand. At times the ischemia may
be present at rest and this may be due to not merely a severe grade of obstruction but rather
to a uperimposed vasospastic element. If the arterial branch is completely occluded, then
the related egment of myocardium will become infarcted. Occlusion of the diseased arterial
branch may be a result of thrombosis in situ, ulceration of the plaque or further deposition
of chole terol. At times prolonged spasm may be the culprit.)
Myocardial infarction may be divided into two major types: 1) transmural and nontransmural. The transmural variety pertains to myocardial necrosis that involves the full
thick nes of the venuicular wall, that is, from epicardium to endocardium. The nontransmural variety may involve only the subendocardial area, portions of the intramural
myocardium or both , without extending all the way from the epicardium to the endocardium.
The pathologic changes can best be described both from a macroscopic as well as a
microscopic appearance. Initially , the gross myocardial changes do not occur until six hours
after the myocardial infarction, at which point the myocardium appears pale, bluish and
slightly edematous. 24 Eighteen to thirty-six hours later, a serofibrinous exudate is observed
on the epicardial smface. It has a tan or reddish-purple coloration. This phase usually lasts
48 hours. The next phase is characterized by a neutrophilic infilu·ation imparting to the
involved myocardium a grey appearance interspersed with fine yellow lines. Approximately
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8-10 days later, there is a decrease in the thickness of the myocardium; the necrotic muscle
at this time is being removed by polymorphonuclear cells. The infarct at this age appears
yellow or reddish-purple with bands of granulation tissue. In approximately 2-3 months, the
infarcted area now appears shrunken with a thin firm scar that eventually whitens and
becomes even firmer with time. In some instances, the infarcted fibrotic tissue becomes
aneurysmal. 25 -27 Indeed, small aneurysms are common after myocardial infarctions. Large
ventricular aneurysms are seen in about 10% of all transmural myocardial infarctions. There
are three important consequences of large ventricular aneurysms. The first, because of the
paradoxical movement during systole, is a marked decrease in cardiac output. The second
potentially adverse consequence is the occurrence of a thrombus in situ. These have the
propensity to embolize. Embolization can affect any portion of the arterial system and,
therefore, any portion of the body. Most commonly, cerebrovascular accidents occur.
Finally, large ventricular aneurysms can give rise to potentially life-threatening ventricular
arrhythmias_
For many years , it was believed that microscopic evidence of the infarcted myocardium
could not be establi shed until eight hours after the onset of theevent. 28 Bouchardy and Maj no,
however, have called attention to the appearance of a wavelike pattern of myocardial cells,
shortly after the onset of infarction, perhaps, the result of agonal contractions of the
myocardial cells. 29

With careful light microscopy, contraction bands and small spaces

between myocardial cells are also evident. 30 After eight hours, edema of the interstitium
becomes clear as do increased fatty deposits in the muscle fibers along with infiltration of
neutrophilic polymorphonuclear leukocytes and red blood cells. Muscle cell nuclei become
pyknotic, and undergo karyolysis and small blood vessels undergo necrosis. In twenty-four
hours there is clumping of the cytoplasm. Cell nuclei become pyknotic and some even
disappear. Polymorphonuclear leukocytes accumulate in the infarcted area with concomitant
dilation of the myocardial capillaries. During the first three days the interstitial tissue
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becomes edematous and red blood cells may extravasate. Approximately the fourth day after
an infarction, removal of necrotic cells begins. Later lymphocytes, macrophages and
fibroblasts infiltrate between the fragmenting myocytes. By the eighth day the necrotic
muscle fibers have been dissolved and approximately ten days later the number of
polymorphonuclear leukocytes is reduced as granulation tissue begins to be deposited at the
periphery. In-growth of blood vessels and fibroblasts continues with removal of necrotic
muscle cells, until the fourth to sixth week post infarction, at which time most of the necrotic
myocardium has been removed. By the sixth week, theinfarcted tissue has been replaced with
a firm connective tissue scar interspersed with intact muscle fibers.
Concomitant with myocardial injury , certain enzymes are released into the circulation
which have been utilized and continue to be utilized for diagnostic purposes. 31 These
enzymes include creatinine phosphokinase (CPK) and lactic dehydrogenase (LDH). The
serum CPK level is an excellent indicator of an acute myocardial infarction in that within eight
hours after an infarction, this parameter is found to be elevated. 32 Fractionation of the serum
CPK significantly improves the specificity for an acute myocardial infarction.

The

fractionation of CPK includes the identification and measurement of the isoenzymes labeled
MM, MB and BB. BB is mostly found in the brain and kidneys. MM is found mostly in
skeletal muscle with a little in the heart as well, while the MB fraction is derived mostly from
heart muscle.

Increased levels of serum CPK-MB are extremely sensitive diagnostic

indicators of an acute myocardial infarction unless trauma or surgery has occurred. 31 The
LDH levels increase above normal levels within 24-48 hours after an acute myocardial
infarction and peak in 3-6 days, gradually decreasing to nom1al within 8-14 days. LDH is
highly sensitive but not specific. 33 Fractionation, however, improves the specificity ofLDH
levels. Fractionation of LDH consists of delineating the presence of five isoenzymes, the
most significant of them being LDHl. Increases in LDHl within 8-24 hours has been
demonstrated in greater than 95% of patients with an acute myocardial infarction. 31
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Although certain factors limit the ability of the ECG to diagnose and localize myocardial infarction s, the standard 12-lead ECG remains a clinically useful clinical tool for the
detection and localization of transmural infarctions.34 Initial changes may include ST
segment elevation s which at times are associated with increased amplitude and peaking of
the T waves or prolongation of the QT interval. No changes may occur for the first 24 hours.
Li ttle, if any, myocardial ti ssue is necrotic initially during an acute evolving infarction and,
thus, the R wave may remain largely intact. Within several hours, however, some myocardial
cell s are undergoing necrosis and , as a result of this, the amplitude of the R wave diminishes
while the depth of the Q wave increases. Peaked T waves or high amplitude of these waves
generall y di sappear shortl y, whereas, ST segmentelevation usually persists and may be a very
prominent feature of the ac ute changes in the electrocardiogram. Within a day or two after
the on set of infarction , most of the jeopardized tissue has become necrotic so that the R wave
has disappeared while a significant Q wave remains present. The ST segments may start to
return toward s the isoelectric line along with inversion of the associated T waves. After
several days, the transmural infarction is complete and little or no ischemic tissue remains
since all of the cells have either died or have recovered. At this point, the ST segments have
generally returned to the isoelecuic line with the T waves manifesting a deeper pattern of
inver ·ion . As was stated previously, the infarcted tissue is now replaced with fibrous tissue,
often with thinning and sometimes aneurysmal dilatation of a necrotic portion of the
ventricular wall. At times, islands of myocardial tissue within the infarcted area that were
electrically silent during the acute period of the infarction now recover and manifest some
elecuical activity. If this occurs, the R waves may return although significant Q waves may
persist. If a ventricular aneurysm of significant size develops, the ST segments may remain
persistently elevated. The T waves also may remain inve11ed for years, may return or may
assume a flat pattern. At times, they may even become upright again after variable pe1iods
of time.
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Assessment ofleft ventricular function is an important indicator of residual damage after
an acute myocardial infarction in terms of management and prognosis. The two most
important non-invasive procedures in evaluating left ventricular function after an infarction
include echocardiography as well as nuclear imaging. Since this thesis is concerned with
nuclear imaging, remarks will be directed primarily towards this type of non-invasive evaluation.
The introduction of the gamma camera, the implementation of minicomputers and the
development of new or improved radiopharmaceutical agents has transformed the field of
nuclear cardiology from a highly research-oriented endeavor in the l 970's to an important
clinical tool in the 1980's. Radionuclide angiographic procedures can be done both at rest
and at peak exercise. The ability to perform these procedures at peak physical stress has
pro ided the clinical cardiologist with a clinical tool that is both important for a prognostic
as well as a diagnostic point of view.
Exerci e radionuclide imaging techniques can be classified into two broad groups: those
that a se s myocardial pe1fusion and those that evaluate ventricular performance. Major
clinical applications of these techniques include: 1) evaluation of the patient following
myocardial infarction· 2) screening for high risk coronary artery disease, specifically, left
main vessel or triple vessel disease; 3) evaluation of the effects of typical training in cardiac
rehabilitation on cardiovascular status; 4) definition of the location and extent of coronary
artery disease; 5) asse sment of the results of therapeutic intervention such as coronary artery
bypass graft surgery or percutaneous transluminal coronary angiography; 6) clarification of
the cardiac status of patients with positive treadmill exercise stress tests; and 7) differentiation of ischernia from infarction.
Thallium-201 myocardial perfusion imaging as a technique in diagnosing coronary
artery disease has a sensitivity of approximately 80% and a specificity of90%. 35 - 74 The high
specificity is a result of the good correlation between Thallium-201 perfusion defect and

7
coronary artery stenosis, as compared to themultiplecausesofSTsegmentabnormalities that
occur with exercise other than myocardial ischemia. 75
Intravenous injection of Thallium-201 is useful in assessing the presence or
absence of cardiac disease in that it requires a viable myocardial cell for pick up. The degree
of pick up by the cell is proportional to the degree of blood flow as well as to the amount of
myocardial mass present. 76 -77 There is less tracer pick up in the ischemic portion of the
myocardium and no pick up at all in an area that is the seat of an infarction. 78 -79 There is a
definite correlation between the area of ischemia or infarction and that branch of the coronary
tree which supplies the affected area. 80 Ischemia is differentiated from infarction by serial
imaging and quantification by the Thallium-201. In most cases, exercise-induced ischemia
will result in the presence of segmental hypoperfusion immediately following exercise, with
sub equent redi stribution of the isotope 3-6 hours later demonstrating resolution of the
exercise-induced ischemia. 81 Unfortunately, patients with priorremote infarctions will show
the ame defect and uptake as those with a current event. 82-84

The appearance of a new

Thallium defect on exerci se outside the area of an infarction would suggest the presence of
sufficient obstruction of the feeding artery to warrant possible coronary artery bypass graft
surgery forthe avoidance of new infarctions or possibilities of death. 85 As techniques advance
in myocardial perfusion imagery, this non-invasive procedure promises to enhance diagnostic cardiology.
The technique of first-pass radionuclide angiography involves the passage of a radionuclide bolus through the central circulation, which is then monitored by a gamma camera
having a high count capability. 86 -92 This approach allows for assessment of cardiac function
on the basis of a few beats, and data acquisition can be completed within a 30-second time
interval. Patient cooperation is minimal in a first-pass radionuclide angiography. The
conventional radionuclide employed for first-pass studies is Technetium 99M. If only one
assessmentofleftventricularfunction is needed, Technetium 99:t\,1Pertechnetate is prefened.
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Technetium 99M diethylemetraimine-pentaacetic acid is popular when two sequential
studies are performed such as rest and exercise. First-pass radionuclide angiography affords
the patient minimal radiation exposure as most of the Technetium 99M isotopes have a
relatively short half-life (approximately six hours).
Quantitative analysis of first-pass radionuclide angiography includes the following left
ventricular functional parameters: Left ventricular ejection fraction, end diastolic volume,
end systolic volume, stroke volume and cardiac output. Left ventricular ejection fraction is
defined as that fraction or percent of the end diastolic volume that is ejected with a systolic
contraction. The calculation for determining the ejection fraction is as follows:
EF

= SY

EDY

whereas,

EF

= ejection fraction

SY

= stroke volume

EDY

= end diastolic volume

As a rule, an ejection of 50-55 % or greater is considered clinically normal. In our
laborator the normal ejection fraction is between 54 and 68%. With exercise, the ejection
fraction hould increase by at least 5% above the resting level. Numerous studies have
demon 'trated a high coITelation between first-pass radionuclide angiographic assessment of
left ventricular ejection fraction and contrast angiography. 93 - 110 The variation resulting from
reproce sing the same tud) and re-studying the same patient on adifferentoccasion has been
shown to be well within the acceptable range. 111 - 112 Regional ejection fraction images
demon trating segmental wall motion characteristics are also made possible by first-pass
radionuclide angiography. Each region can be generated based on count differences between
end diastole and end systole. 113 Regional ejection fraction images display the relative
contribution of the various left ventricular segments or regions to total left ventricular
ejection fraction, and allow for detection of segmental wall motion abnormalities. 114
Contractility is vital for the performance of the left ventricle as a pump. An index of
contractility or left ventricular perf01111ance is the rate of 1ise of pressure within the chamber
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of the left ventricle. This can be expressed in the following manner:
where L V

= dp/dt

LV

= left ventricle

dp

= change in pressure within the chamber

dt

= unit of time during which the contraction is occurring.

A flabby heart muscle lacking an adequate contraction would manifest a low left
ventricular dp/dt. The quality and extent of myocardial contraction in a particular segment
of the heart is a reflection of the adequacy of blood supply to that segment. Thus, with a
significant stenosis of any epicardial artery, myocardial regional contraction abnonnalities
will occur. A decrease in contractility is described as hypokinesia, whereas no contractility
at all is alluded to as akinesia. Segmental hypokinesia indicates a decreased contractility of
that segment of the myocardium, whereas global hypokinesia indicates that the entire wall
of the left ventricle or whatever ventricle is being described is without movement. Global
hypokine ia when based upon ischemia is due to the fact that the blood supply to the entire
ventricle is inadequate. On the other hand, global hypokinesia is seen particularly in the
primar) types of cardiomyopathy.
Infarcted areas of the left ventricle will be devoid of movement; and therefore, when seen
on first-pass studies, they are refened to akinetic areas. Akinesia occurs with complete
intramural obstruction of the feeding a11ery or as a result of sustained spasm of that particular
artery. The size and extent of the infarction depends upon which coronary artery is occluded.
For example, a total occlusion at the level of the proximal p011ion of the left anterior
descend ing artery would render most of the anterior wall of the left ventricle necrotic,
whereas a distal right coronary artery occlusion may involve only a remote segment of the
inferior wall. The ejection fraction of a patient with a proximal LAD lesion would manifest
a significantly lower ejection fraction than thatofa patient with a remote right coronary artery
occlusion. A severely depressed left ventricular ejection fraction will affect the pumping

ability of the en tire left ventricular myocardium to the extent that cardiac output is ineffective
and congestive heart failure may supervene.
Cardiac output may be defined as the volume of blood ejected by each ventricle per
minute. An average cardiac output is 5 liters per minute. Since cardiac output varies
according to body size, a more accurate assessment is cardiac index. Cardiac index is the
cardiac output divided by body surface area. A normal range is approximately 2.8 - 3.6 liters
per minute per square meter of body area. Cardiac output is primarily dependent on venous
return and circulating blood volume with the former a more important factor. Cardiac output
is also dependent on the product of heart rate and stroke volume. Cardiac output can be held
remarkably constant despite changes in one variable by compensatory adjustments in the
other variable. For example, if heart rate decreases, the period of left ventricular filling time
increa es and consequently increased volumes of blood can be ejected per beat. Conversely,
if stroke volume decreases, cardiac output can be maintained by an increase in heart rate.
The e compensatory adjustments do have their limits, however.
Stroke volume is the volume of blood ejected by each ventricle per minute. Stroke
volume is dependent upon three variables: 1) preload, 2) contractility, and 3) afterload.
Preload is expressed as the degree of fiber stretch (Starling's Law). Starling' s Law of the
heart states that " stretching the myocardial fibers to a point will increase the force of
contraction during systole." An analogous example is thatofincreasing the stretch ofarubber
band to increase the force of elastic recoil upon release. The degree of myocardial fiber stretch
is dependent upon increased levels of circulating blood volume which, in turn, promotes an
increase in venous return which then increases the end diastolic volume. Increases in end
diastolic volumes stretch the sarcomeres which to a point 2.2 will increase contractile force.
Any ventricular filling that stretches myocardial fibers beyond 2.2 will decrease the strength
of contraction. The ventricular function curve best illustrates this fact. Increases in end
diastolic volume will initially increase force of contraction and stroke volume. Thus, the
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curve initially demonstrates an ascending limb of improved function. Eventually the curve
flattens and further increases in end diastolic volume will not improve function.
Contractility also affects stroke volume. As the force of contraction increases so does
stroke volume. If left ventricular dilatation is excessive, as in congestive cardiomyopathy,
myocardial contraction is decreased. The left ventricle is flabby and accounts for this
decrease in stroke volume.

Changes in regional wall motion as a result of ischemia or

infarction will definitely decrease left ventricularcontractility and, therefore, stroke volume.
Global hypokinesis will exert a much more marked influence on the stroke volume.
Compensatory mechanisms to maintain cardiac output may, up to a point, maintain adequate
stroke volume, over a certain period of time.
After load is the amount of tension the left ventricle must develop during systole to open
the aortic valve and eject blood. It is primarily a function of wall thickness, intraventricular pressure and intraventricular size or radius. An increase in either intraventricular size or
pre ure

ill increase afterload. A dilated left ventricle must generate more tension than a

normal left ventricle to generate the same systolic pressure of 120 mmHg. Excessive
increa e in afterload will adversely affect vent1icular emptying and cause a decrease in
stroke volume and, consequently, cardiac output.
Both end diastolic volume and end systolic volume are important variables in determining cardiac output. Changes in these variables reflect the overall capability of the heart to
meet changing needs. End diastolic volume may be defined as the volume of blood within
the left ventricle during relaxation or diastole just prior to systole. End systolic volume is
defined as the residual volume within the left ventricle after a systolic ejection.
Fir. t-pass radionuclide angiography procedures for measuring volumes utilize a nongeometric count base method which correlates most closely with volume measurements as
obtained from contrast ventriculography. The count approach was first developed by Parker.
Background con-ection is c1itical to accurate assessment of left ventricular volumes and
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ejection fraction. Background correction is accomplished by indicating a small area adjacent
to the critical area of intere t. The computer then calculates the ventricular activity for each
frame, using that frame area of interest and subtracting the appropriate background. Another
critical point of reference in assuring the accuracy of left ventricular volumes and ejection
fraction is the precise delineation of the edge of the ventricular wall. Despite these apparent
limitations as outlined, the clinical reliability of the count approach is well established.

In echo ardiographic evaluation, the geometric method is utilized. This assumes that
the shape of the left ventricle is analogous to a prolate ellipse. Inaccuracies are introduced
utilizing this method in the presence of segmental disorders of the ventricle such as occurs
in coronary artery disease. In addition , errors are introduced if the left ventricle dilates.
Increases in the end systolic volume may be observed in coronary artery disease where areas
of ischemia or infarction negatively influence the inotropic characteristics of the ventricle.
Increasedenddiastolic volumes may be an e ·pression of acardiomyopathy and/or ventricular
dilatation. Any dy function, no matter what the cause of filling or emptying, will be-reflected
in alteration of these volumes.
The purpo e of thi study is to assess the effects of a 12--week cardiac rehabilitation
program on functional capacity and left ventricular function in patients with severe left
ventricular dy. function as quantified by a resting ejection fraction of 33% or less. Ejection
fraction percentages and other left ventricular parameters of left ventricular function were
all as essed by first-pas radionuclide angiographic study.

MATERIALS AND METHODS

We studied 11 patients, 10 males and 1 female, ranging in age from 31 to 74 years of age
(mean 58 years of age), who had ejection fractions less than 33% as assessed by radionuclide
angiographic methods. All patients had previous evidence of myocardial infarction as
defined by abnormal presence of Q waves and a clinical history of an infarction. In addition,
each patient had documented coronary artery disease as established by coronary arteriography with a greater than 70% lesion in at least one of the major coronary vessels. Medical
histories on the patients are shown on Table 1.
Each of the study participants had undergone radionuclide angiographic assessment
prior to and upon completion of a 12-week cardiac rehabilitation program. The accuracy of
first-pass radionuclide angiography is well established with respect to left ventricular
function parameters. The patients were given an individualized exercise prescription based
on the radionuclide angiographic study. Prescriptions were formulated at 70% of the
kilopond meters per minute at peak su·ess.

Six exercise modalities were used during the 12-week program and included treadmill
walking, free weight lifting (1-10 pounds), bicycling, rowing and Cybex arm ergometry.
Each patient would alternate a leg modality and an arm modality or complete three arm and
three leg exercises. Adjustments were made in the workloads of the patients based on two
specific responses. The first, as the patients' heart rate decreased out of their training range,
workloads were increased to maintain productive training levels. Workloads were only
increased in those patients who were asymptomatic and who had no electrocardiographic
evidence of an underlying myocardial ischemic process or arrhythmias. Secondly, a scale,
that rated perceived exertion was used to obtain effective, safe training levels. This scale
13
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ranged from 6-20, each number describing a level of exertion. For the purposes of this study,
numbers 11-13 were used , 11 reflecting a level just below " fairly light" and 13 describing
"somewhat difficult." When a patient perceived the difficulty of the exertion below the
numerical value of 11 , then the workload for that patient was increased to maintain effective
training target range. Usually heart rates and perceived exertion numbers were used together
when workload adjustments were being considered.
All patients were monitored utilizing a Quinton Q-Tel 418 telemetry unit in Lead 2.
Electrocardiographic printouts were taken at rest prior to exercise, at the last minute of each
exercise, and post exercise prior to leaving the clinic. Blood pressures were taken at rest and
at peak exercise.
All fir t-pass radionuclide angiograms were obtained in the anterior projections using
a Baird Sy tern 77 multi-crystal digital gamma camera using2.54cm parallel hole collimator.
The preparation of the patients for a first-pass scan included the following:
1.

Preparation for a standard 12-lead EKG.

2.

The right antecubital vein was prepared for a bolus injection. However, if a
patient had poor peripheral veins, then the external jugular vein was utilized.
An 18-gauge Teflon angiocath 1-1/4" in length was utilized for the IV and
placed in the appropriate site. This, in tum , was connected to a 30-inch large
bore tube that connected to a 3-way stopcock and terminated at a 30 ml
syringe. After the patient had been prepared for the 12-lead EKG and the IV
had been started, he was seated on the bicycle in front of the camera. The
patient's chest was carefully positioned against the face of the camera, flush
to the collimator with arms extended on either side of the camera. The bicycle
was adjusted for his optimum comfort. While the patient was seated in the
resting position, a resting upright 12-lead EKG and baseline blood pressure
were taken. The resting data were accomplished by drawing up 15 millicuries
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of technetium diethylemetraimine-pentaacetic acid in a .3 milliliter solution
and administered through a 3-way stopcock. The bolus was then followed by
25 milliliters of normal saline solution from the syringe. This bolus was
followed by 25 ml of saline solution from the syringe. The camera was started
ju st prior to the injection and accumulated 1500 images non-stop at the
interval that was adjusted to the patient ' s heart rate. This interval normally
ranged between .06 millisecond to .03 millisecond, or a range of 16 to 33
frame s per section. After the resting acquisition was completed, the exercise
began and the patient exercised on the bicycle according to the standard Bruce
bicycle ergometry protocol. The first level was at 300 kilopond meters per
minute. Every two minutes the level was increased by another 150 kilopond
meters per minute . During this time, 12-lead electrocardiograms and blood
pressures were taken every two minutes. The electrocardiographic monitor
displayed both heart rate, aIThythmias and ST segment changes, all of which
were monitored closely during the exerci se. The heart rate level used as a goal
was 85% of the predicted maximum heart rate.

When the patient was

approaching his/her limit on the bicycle, the second injection was drawn up.
It con sisted of 30 rnillicuries of technetium diethylemetraimine-pentaacetic
acid di ssolved in .6 milliliters of nom1al saline solution. The stress dose was
double that of the resting dose in order to compensate statistically for the
increased hean rate and more rapid transit time under stress conditions. About
ten second s following the stress injection, the patient was asked to slow down
and then come to a full stop in order to minimize motion during the stress
acquisition of 1000 frames.

Following the exercise, the patients were

carefully monitored 6-8 minutes or to baseline, whichever came first.
Monitoring included 12-lead electrocardiograms and blood pressures at 2-
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minute intervals. The next phase included the hundreds of images that were
taken at rest and stress and statistically or temporally smoothing each and
every image and correcting for flood and dead time deviations. This further
improved the quality of the images, both visually and statistically. Once the
image s had been smoothed and stored properly, they could be retrieved from
the computer disc in any order or manner desired. The images were then
processed through an advanced computer program that was able to determine
ejection fraction, end diastolic volume, end systolic volume, stroke volumes,
cardiac output and pulmonary transit time, heart rate and body surface area.
In addition to these function al parameters, other functional parameters could
be derived and included the 2-dimensional static image, the regional ejection
fraction image, and the cine or wall motion images. The regional ejection
fraction image reflects inotropic or contractile integrity of the various left
ventricular segments. This is accomplished by utilization of a color-coded
scale, yellow reflecting maximum or 100% left ventricular myocardial
contraction, black demonstrating no movement at all or 0%. Going from
yellow to black includes 15 color-coded steps each step representing a unit
7 .14% change in regional contraction according to the Baird system 77. These
colored regional ejection fraction images demonstrate a high sensitivity for
abno1mal left vent1icular wall movement. In addition to volume comparisons, pre- and post-training regional ejection fraction images will suggest any
changes secondary to exercise in left ventricular contraction. Any akinetic
areas at rest or stress prior to starting the program will be noted. These areas
will be reassessed at the completion of the program and any changes noted.

In previous studies, control groups were not utilized and it could not be
established to what extent changes reported at the end of the training program
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were caused by the training itself or the spontaneous course of the disease. To
more accurately assess the effects of cardiac rehabilitation on patients with
severe left ventricular dysfunction, the results of our experimental group will
be compared against a control group with left ventricular ejection fractions
of 33% or less who did not engage in any exercise, structured or otherwise.
To test the efficacy of our 12-week cardiac rehabilitation program, first-pass radionuclide
angiographic studies taken before and after the patient's exercise training will assess positive
or negative changes in functional capacity and left ventricular function parameters.

RESULTS
Left Ventricular Ejection Fraction

Results of the baseline radionuclide angiographic study are depicted in Figure 1 (see
Appendices, p.26). Left ventricular ejection fraction at rest before exercise training ranged
from 12 to 32, and it ranged from 15 to 32 with symptom-limited exercise. After 12 weeks
of chronic exercise training, the left ventricular ejection fraction at rest ranged from 10 to 32,
and during symptom-limited exercise it ranged from 7 to 32. Resting left ventricular ejection
fraction after the training program was statistically in significant when compared to the
resting left ventricular ejection fraction before training (l} < 0.1 ). However, when the left
ventricular ejection fraction during symptom-limited exercise before and after the exercise
training were compared, statistically significant changes occurred (11<0.001). These further
decrea e in left ventricular ejection fraction with exercise was viewed as statistically
significant when compared with the symptom-limited responses of the control group that did
not participate in any exercise, structured or otherwise. The results are seen in Table 3 (see
Appendi e ·, p. 29).
Exercise Capacity

Uti lizing the standard Bruce Bicycle Exercise Protocol, all of our patients' performances
before and after the exercise training program showed marked vaiiability in exercise
capacity. Workload perfom1ances expressed in METS ranged from 5.3 to 7.9.
Correlation Between E iection Fraction and Exercise Capacity

No con-elation was evident between left ventricular ejection fraction at rest and exercise
capacity (Table 2, p. 28) . One patient with an ejection fraction of 10% had achieved a
workload of 7 .9 l\1ETS while another patient manifesting a left ventricular ejection fraction
18
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of 32% and a workload capacity of 5.6 METS (correlation coefficient r

= -0.3).

All of our

patients in the experimental group either maintained or increased their workload.
Additional left ventricular function parameters were analyzed, and 3 of the 11 patients
in the experimental group increased their cardiac output while 8 demonstrated a decrease in
cardiac output. Left ventricular dilatation was evident in 9 out of 11 of the patients and was
statistically ignificant when compared with the control group (p_ < 0.01). End systolic
volume averaged 224 milliliters in the experimental group after the exercise training when
compared to 180 milliliters for the control group and was considered statistically significant

(n < 0.01 ).
Myocardial Contraction Patterns
Th contractile pattern of the left ventricle was markedly abnormal in all of the patients
tudi d. In 55 egment analyzed, 4 were viewed as mildly hypokinetic, 43 were moderate
to moderately e erely hypokinetic, and 9 were akinetic. There was generalized deterioration
in 9 out of the 11 patients in the expe1imental group, while 4 manifested akinesia from a
pre iou ly h) pokinetic area and 4 patients increased the size of an existing akinetic area.

DISCUSSION

Severe left ventricular dysfunction may be a result of primary derangement of the
myocardium as reflective of a pathological process or as a result of severe coronary artery
stenosis, found in ischemic cardiomyopathy. Such a reduction in coronary blood flow may
be well tolerated at rest, but with exercise the myocardial metabolic demands increase, as the
flow limiting lesions prevent an appropriate augmentation in coronary blood flow required
to maintain balance between myocardial oxygen supply and demand. These events further
worsen the ischemic left ventricular dysfunction and result in a reduction in left ventricular
ejection fraction.
The exercise training effects on patients with severe left ventricular dysfunction are
scarce. Existing studies vary in their assessment of left ventricular performance in these
patients after participating in a chronic exercise program. Lee et al. claim no deleterious
effects from exerci e training on left ventricular function with patients with severe left
ventricular dysfunction. Other studies have suggested insignificant changes in the left
ventricular ejection fraction and sight compensatory mechanisms responsible for adjusting
to the demands of exercise. These mechanisms include as cited by Litchfield et al.:

1.

Tolerance of high pulmonary wedge pressures. In their study, Litchfield et al. found

many of their patients exercised with pulmonary wedge pressures that approached 33 mmHg,
none of which manifested clinical symptoms of pulmonary edema and none of which were
limited by dyspnea during exercise. Two mechanisms could have permitted the patients to
tolerate the abnom1ally high pulmonary venous pressures, increased pulmonary lymphatic
flow \1 hich allows accelerated fluid removal and chronic changes in capillary walls which
inhibit transudation of the fluid into the interstitial space.
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2.

Chronotropic competence. When compared with age matched controls, Litchfield's

patients showed normal heart rate responses at two-thirds the maximal exercise. Thus, a
normal chronotropic response to exercise contributed to his patient's exercise tolerance.

3.

Ventricular Enlargement. All but one ofLitchfield 's patients had an abnormally large

left ventricular diameter by echocardiograp h y. Three of the six patients had a cardiothoracic
ratio greater than 0.5 by chest x-ray. Because the stroke volume increases as the left ventricle
dilates even if a fractional shortening remains constant, ventricular dilation was an important
compensatory mechanism in his patients.

4.

Plasma norepinephrine. Plasma norepinephrine levels were found above average at

rest and increased substantially during exercise in the Litchfield study. This increase in
catecholamines has been reported by Chidsey et al. and is a significant compensatory
mechanism in patients with left ventricular dysfunction.

5.

Peripheral vascular resistance. Reductions in peripheral vascularresistance have been

cited as being con tributory to the increase in exercise tolerance and capacity with patients
manifesting severe left ventricular dysfunction.
Benge and Associates state several possible mechanisms for preservation of exercise
capacity and include preservation of absolute stroke volume, maintenance of chronotropic
respon siveness, increased oxygen extraction, augmented pulmonary lymphatic flow and
altered left ventricular compliance.
Preservation of stroke volume via an increase in left ventricular end diastolic volume as
seen in patients with coronary artery disease may be important in maintaining volume
exercise capacity in some of hi s study patients. F mthennore, left ventricular volume has been
shown to increase with upright exercise. Tachycardia can also maintain cardiac output in a
failing ventricle. Although some patients with coronary disease have chronotropic incompetence at peak exercise, heart rate responses in the Benge study averaged 134 beats per
minute and one-third achieved 85% of their predicted maximum rate.
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Increased oxygen extraction during exercises common in patients with coronary artery
disease elevated 2, 3 DPG levels or local tissue acidosis may facilitate oxygen extraction in
the e patients.
Enhanced pulmonary lymphatic flow could increase exercise capacity by limiting the
pulmonary congestion associated with pulmonary venous hypertension. This has been
documented in animal models. Finally, chronic alterations in diastolic compliance of the left
ventricle can limit increases in filling pressure during exercise.

This would prevent

pulmonary congestion and increase exerci ·e capacity.
Conn et al. suggests that changes in training effects can occur without changes in intrinsic
left ventriculardysfunction. In Conn 's study, evaluating the physical conditioning in patients
ith evere left ventricular dysfunction , no changes in left ventricular function were noted
and peripheral mechani ms of training were cited as responsible for the patients receiving
beneficial effect as reflected in their enhanced functional work capacity.
The result of our tudy on the effect of chronic exercise on patients with severe left
ventricular dy function are uggestive of further left ventricular deterioration after completion of a 12-week cardia rehabilitation program.

ine out of eleven of the patients in our

experimental group showed further deterioration in left ventricular ejection fraction as
e aluated by fir t-pa

radionuclide angiographic assessment when compared to a controlled

group and wa vie ed a

tatistically ignificant (12 < 0.001). Although regional ejection

fraction image are ubjected to intra/inter observer variability, reliable changes using this
method have been establi hed 20-21 • Regional and global contraction patterns of the patients
in our stud were cored qualitatively as described in the "Material and Methods" section of
this paper utilizing a color code system. Left ventricular contractility was assessed for five
regions to include the infrabasilar, infe1ior apex, anterior and anterolateral segments. Left
ventricular contraction patterns were ·cored as normal, mildly hypokinetic, moderately/
severe hypokinetic or akinetic.

ine of the eleven subjects studied in our experimental group
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demonstrated moderately severe hypokinesia while 9 showed a further extension in an
existing hypokinetic area.

Four patients demonstrated further deterioration with the

development of akinesia from a previously hypokinetic area. When compared with our
control group that did not participate in any exercise training be it structured or otherwise,
statistically significant changes in regional ejection fraction images occurred over those
patients enrolled in the 12-week cardiac rehabilitation training program (12 < 0.001) .
Statistically significant changes also occurred in our experimental group concerning percent
change in the left ventricular dilatation (Q < 0.01). Left ventricular dilatation of 20% or
greater as e tablished by our computer in the first-pass radionuclide angiography lab, is an
indicator of a compensatory dilatation to attempt to maintain normal stroke volume and/or
cardiac output. The exhaustive analysis of all left ventricular function parameters and the
utilization of the regional ejection fraction images gives our study a more comprehensive
approach to the total picture of the left ventricular dysfunction.
To tate a other studies have that even patients with severe left ventricular dysfunction
can afely participate in a structured exercise training program may be misleading. In our
tudy mo t of our patients experienced a decrease in ejection fraction after the 12 weeks of
exerci e training. Most of the patients also showed a generalized worsening of global
myocardial contractility with some patients demonstrating either an increase in an existing
akinetic area or the presence of an akinetic area from a previously hypokinetic area.
No correlation wa found in our experimental group between left ventricular ejection
fraction at re t and exercise capacity, as one patient had an exercise capacity of 9 METS with
an ejection fraction of 12% and another patient manifested an exercise capacity of 5.6 METS
with a left ventricular ejection fraction of 24%. This conclusion is supported by other studies
evaluating left ventricular ejection fraction and exercise capacity. Our patients were able to
obtain near normal exercise capacities and exercise duration supplemented by the above cited
compensatory mechanisms. Our study is somewhat different from most of the recent studies
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evaluating the effects of training on severe left ventricular dysfunction in that further
deterioration occurred in a statistically significant number of our patients. We feel this is
partially attributed to the fact that our methods of evaluating a leftventricularejection fraction
were thorough and exhaustive. Because, however, our study only involved 11 patients, these
results must be regarded as preliminary and further studies should be conducted.
Since prior studies involving severe left ventricular dysfunction and exercise have
utilized rather limited data and did not incorporate the use of a control group, a more
exhaustive style of our study warrants seriou s attention before we send the masses of patients
with severe left ventricular dysfunction into the training room.

APPENDIX
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Figure 1. Compaiison of Left Ventricular Ejection Fraction by Radionuclide Angiography
at Rest and During Symptom-limited Exercise in Eleven Patients Before (Left) and After
(Right) Exercise Training.
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TABLE 1

CLINICAL AND ANGIOGRAPHIC DAT A

Pt.

Months
Age
between
(Years) studies

No. of Percent occlusion
ECG
YesCx
Location
Symptom sels LAD orM RCA
of MI Medication

GC

52

4

none

3

90

20

80

A.I.

Ca,A,N,D

JW

62

4

angina

2

90

80

0

A.P.

H,A,N

RD

44

4

none

1

0

0

100

I.

C,Ca

WB

64

4

angina

3

75

20

0

A.

BD,C,N

LB

67

4

none

3

80

20

75

A.I.

A,N,C

PC

62

4

angma

2

75

70

0

A.P.

Ca,N

LS

59

4

CHF

2

90

0

75

A .I.

A,D

AB

67

4

angma

1

95

0

0

A.

Ca,N,A

DW

72

4

CHF

1

95

0

0

A.

A,D,N

VA

31

4

none

3

90

0

75

A.I.

Ca,A

DH

53

4

CHF

1

95

0

0

A.

D,N,D

Abbreviations: No. vessels =number with 2: 70 % narrowing: LAD= left anterior descending
coronary artery; Cx = circumflex; M = main marginal branch; RCA = right coronary artery;
Ml= myocardial infarction; A. = anterior; I. = inferior; P. = posterior; A = antiarrhythmic
medications (quinidine, procainamide); C = coumadin: D = digoxin; F = furosemide; H =
hydrochlorothiazide; N = long-acting nitrates; Ca = calcium channel blockers; BD =
bronchodilators· D = diuretic.
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TABLE 2

CORRELATION BETWEEN LEFT VENTRICULAR EJECTION FRACTION (LVEF)
AT REST AND EXERCISE CAPACITY AFTER TRAINING

Case

LVEF
at Rest( %)

Maximal Treadmill
Workload (METS)

1

VA

32

5.6

2

DW

21

5.4

3

AB

30

5.3

4

LS

14

5.6

5

PC

27

6.9

6

LB

31

5.6

7

WB

32

6.9

8

RD

33

7.4

9

JW

16

5.4

10

GC

18

7.6

11

DH

10

7.2

Correlation coefficient (r) = -0.3 METS
consumption ( 1 MET = 3.5 ml).

= resting multiple of oxygen
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TABLE 3

LEFT VENTRICULAR EJECTION FRACTION (LVEF)
AT REST AND DURING EXERCISE
Control
Group

LVEF
Rest
Exercise
P Value

26.2
24.8

± 5.1 %
± 4.9%
NS

Experimental
Group

p
Value

24.3 ± 5.6%
16.9 ± 6.8%
< 0.001

NS
< 0.001

Compari on of the changes in ejection fraction produced by a control group and experimental
group after exercise training.

NS = not ignificant

P = probability
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